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1 .O INTRODUCTION 

T h i s  memorandum con ta ins  d e s c r i p t i v e  informat ion  on 
t h e  spectrum of mission equipment inc luded  i n  t h e  Manned Lunar 
Program Options Study. Mission equipment, a s  used h e r e i n ,  
i n c l u d e s  s h e l t e r s ,  m o b i l i t y  systems, and l and ing  v e h i c l e s  f o r  
l o g i s t i c s  payloads.  The  equipment spectrum i s  p resen ted  i n  
two b a s i c  ca tegor ies - -Apol lo  d e r i v a t i v e  equipment and new 
equipment. The t ime and manpower l i m i t a t i o n s  of  t h e  s tudy  
precluded d e t a i l e d  a n a l y s i s  of  these  equipment i tems and t h u s  
e f f o r t  was concent ra ted  on major c a p a b i l i t i e s  and equipment 
w e i g h t s .  

The information presented  h e r e i n  was used a s  source  
d a t a  f o r  t h e  Manned Lunar Program Options--Mission Modes r e p o r t  
(Reference 1) .  

2.0 APOLLO DERIVATIVE EQUIPMENT 

The d a t a  was c u r r e n t  up t o  June 30, 1966. 

The candida te  Apollo d e r i v a t i v e  equipment cannot be 
d i scussed  i n  terms of minor mod i f i ca t ions  because i n  no event  
are  t h e  mod i f i ca t ions  minor i n  scope o r  c o s t .  Table 1 con ta ins  
a l i s t i n g  of t h e  equipment items inc luded  i n  t h i s  ca t egory  a long  
w i t h  a b r i e f  summary of t h e  p e r t i n e n t  f e a t u r e s  o u t l i n e d  i n  t h e  
fo l lowing  d i s c u s s i o n s .  

2 . 1  LM S h e l t e r  

The LM s h e l t e r  concept (F igure  1) i s  t h e  s imples t  
proposed Apollo d e r i v a t i v e  she l t e r  and has  been cons idered  f o r  
use i n  s e v e r a l  AAP f l i g h t s .  The concept combines l o g i s t i c s  
and crew q u a r t e r s  i n  one veh ic l e  by s t r i p p i n g  out t h e  p r e s e n t  
LM a s c e n t  stage main propuls ion  system and adding s u i t a b l e  
expendables  and experimental  payloads.  The f l i g h t  p l a n  assumes 
a manned Command Se rv ice  Module (CSM) , Lunar Orbi t  Rendezvous 
(L0R)mode. The LM s h e l t e r  i s  landed by remote c o n t r o l  from 
t h e  manned CSM which i s  then r e t u r n e d  t o  e a r t h .  The LM s h e l t e r  
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2 engine or use  a converted Agena engine 
s u p e r i o r  performance a v a i l a b l e .  

converted i n t o  a l u n a r  s h e l t e r  ( F i g -  
heat s h i e l d ,  i n t e r i m  modi f i ca t ion ,  

The CM could be 
u r e  15) by removal o f  t h e  
a d d i t i o n  o 
f u e l  c e l l  r e a c t a n t s  and l i f e  suppor t  expendables,  and ( p o s s i b l y )  
some type of a i r l o c k .  When compared t o  a LM d e r i v a t i v e  she l te r ,  
t h e  g r e a t e s t  advantage of the  CM is  t h e  36% g r e a t e r  a v a i l a b l e  

a f u e l  c e l l  power supply,  s t o r a g e  f a c i l i t i e s  f o r  

- - 
volume--306 f t 3  compared t o  225 ft'. 
b i l i t y  mod i f i ca t ions  w i l l  be  similar t o  those  r e q u i r e d  f o r  
l u n a r  o r b i t  C M  modes, p o s s i b l y  w i t h  t h e  except ion  of l a r g e r  
RTG requirements  f o r  thermal c o n t r o l .  

Quiescent  s t o r a g e  capa- 

2.5 LASS Concept 

App l i ca t ion  of a Spent S-IVB Stage (LASSP 
The LASS concept r e q u i r e s  a l and ing  g e a r  on a S-IVB Stage. 
The miss ion  i s  an  unmanned, d i r e c t - f l i g h t ,  u s ing  a n  e x i s t i n g  
l u n a r  beacon t o  o b t a i n  a p r e c i s e  l and ing  l o c a t i o n .  The LASS 
r e q u i r e s  e i t h e r  a h i g h l y  t h r o t t l e a b l e  J-2 type  engine (J-2X) 
or a moderately t h r o t t l e a b l e  J-2s w i t h  RL-10 engines  added to 
provide  p rope r  l and ing  c o n t r o l .  DAC s t u d i e d  s e v e r a l  configu-  
r a t i o n s  and recommended t h a t  of F igu re  4 c o n s i s t i n g  of a v e r t i c a l  
l a n d e r  w i t h  a payload package on t o p .  Landed payloads i n  t h e  
o r d e r  of 24,000 l b s  were claimed by DAC w i t h  the  1965 Sa tu rn  V 
c a p a b i l i t y .  T h i s  payload was based on a more o p t i m i s t i c  AV 
budget t han  used i n  t h i s  s tudy;  however, t h e  landed payload 
would s t i l l  be s u b s t a n t i a l  (16,000 - 19,000 l b s )  u s ing  t h e  
more conse rva t ive  v a l u e s .  An e v a l u a t i o n  of t h e  LASS concept 
(Reference 5) was performed as part  of t h i s  study e f f o r t .  

2.6 MOLEM - Mobile LM S h e l t e r  

have been s t u d i e d  (Reference 2)  where t h e  LM she l t e r  i s  fu r -  
t h e r  modified t o  become a mobile s h e l t e r  (MOLEM); thereby 
e l i m i n a t i n g  t h e  need f o r  a segarate 1;nar roving  v e h i c l e  (LRV).  
Two v e r s i o n s  were s t u d i e d ;  a minimum change ( f o u r  wheel 
v e h i c l e )  and moderate" change ( f o u r  wheel v e h i c l e  p l u s  two 
wheel t r a i l e r ) .  
minimum change v e r s i o n .  

The Douglas Company (DAC) has  $oposed t h e  11  Lunar 
(Reference 4 ) .  

T h i r d  g e n e r a t i o n  v e r s i o n s  of LM d e r i v a t i v e  equipment 

11 

Figure  5 p r e s e n t s  a l i n e  schematic of t h e  

2The A i r  Force i s  p r e s e n t l y  funding conversion of t h e  
Agena Engine t o  Apollo p r o p e l l a n t s  f o r  use  i n  1970. 



BELLCOMM, I N C .  - 2 -  

i s  intended t o  support  two men f o r  14 days,  inc luding  e x t r a -  
v e h i c u l a r  a c t i v i t y  ( E V A ) .  The s h e l t e r  w i l l  have 90 days 
quiescent  s t o r a g e  c a p a b i l i t y  p r i o r  t o  usage. A 50 watt r ad io -  
i so tope  the rmoe lec t r i c  genera tor  (RTG) i s  provided for: thermal 
c o n t r o l .  Two A l l i s  Chalmers ( 2  k w )  f u e l  c e l l s  a r e  provided 
f o r  an e l e c t r i c a l  power system ( E P S ) .  Fuel c e l l  r e a c t a n t s  a r e  
suppl ied  from ambient temperature high pressure  b o t t l e s .  I n  
t h i s  conf igu ra t ion ,  t h e  LM s h e l t e r  weight i s  approximately 
6700 l b s .  

Based on a l a t e r  Grumman s tudy  (Reference 2), sub- 
s t i t u t i o n  of cryogenic H2/02 s to rage  f o r  t h e  present  ambient 
temperature high p res su re  s torage  could reduce t h e  shel ter :  
weight approximately 1000 lbsl a t  some c o s t  i n  development 
time and ( p o s s i b l y )  r e l i a b i l i t y .  

2 .2  LM Truck 

The LM Truck concept (F igure  2 )  uses  a modified LM 
descent  s t a g e  a s  a Lunar Log i s t i c  Vehicle  (LLV).  The LM ascen t  
s t a g e  i s  removed and replaced by a cargo p la t form.  Subsystems 
now on t h e  LM ascen t  s t a g e  which a r e  necessary  f o r  landing  
(e .g . ,  r e a c t i o n  c o n t r o l  system (RCS) and guidance) a r e  added. 
The  Truck i s  u s u a l l y  assoc ia ted  with t h e  f l i g h t  p lan  p rev ious ly  
descr ibed  f o r  LM S h e l t e r  (manned C S M )  ; however, a t o t a l l y  
unmanned f l i g h t  mode i s  poss ib l e  wi th  proper  guidance and 
nav iga t ion  modi f ica t ion .  As p r e s e n t l y  conceived, the  LM Tmck  
weighs 22,200 l b s  and has  t h e  same p r o p e l l a n t  capac i ty  and 
payload c a p a b i l i t y  a s  t h e  present  LM descent  s t a g e .  The LM 
Truck c a p a b i l i t y  would b e n e f i t  from an "augmented" LM devel -  
opment d iscussed  i n  Reference 1. 

2.3 SM L o g i s t i c  Lander 

North American Aviation ( N A A )  has proposed use of 
t h e  SM a s  a l u n a r  l o g i s t i c s  v e h i c l e  (LLV) (Reference 3 ) .  The 
c o n f i g u r a t i o n  (Figure 3), simply s t a t e d ,  p u t s  a landing g e a r  on 
t h e  SM. It was proposed f o r  use i n  an  unmanned, d i r e c t  l anding  
mode. The concept was not c r i t i c a l l y  eva lua ted  during t h i s  
s tudy;  however, N A A  c la ims t h e  c a p a b i l i t y  of 11,000 l b s  landed 
payload. The  system requ i r e s  the a d d i t i o n  of remote guidance 
and c o n t r o l  and a s u i t a b l e  t h r o t t l i n g  engine.  So-cal led "con- 
ve r s ions"  of t h e  p re sen t  SM engine r e a l l y  infer :  a new engine 
development, probably of the same magnitude a s  t h a t  requi red  
f o r  t he  p re sen t  LM descent engine.  It probably would be  w i s e r  

' A s  a l s o  s t a t e d  i n  Reference 2 ,  much of t h i s  advantage 
could be reduced by development of filament-wound tankage f o r  
ambient high p res su re  s torage .  
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Table 2 summarizes t h e  two c o n f i g u r a t i o n s .  The 
MOLEM was designed t o  support two men for 14 days and t r a v e r s e  
250 nm i n  a 50 nm r a d i u s ,  E V A  i s  the  same as for t h e  LM Shel -  
t e r  miss ion .  The f l i g h t  mode is  an LOR us ing  a manned CSM t o  
c o n t r o l  l u n a r  l and ing .  The MOLEM could be used on e i t h e r  a 
modif ied LM descent  stage o r  a LM Truck. 

P e r t i n e n t  a d d i t i o n s  a r e  A l l i s  Chalmers f u e l  c e l l s  
( t o t a l  8 kw) , a deployable  ( c o l l a p s i b l e )  a i r l o c k ,  and a th ree  
month qu ie scen t  stora.ge c a p a b i l i t y .  Two 50 watt R T G ' s  are 
r e q u i r e d  f o r  qu ie scen t  s to rage .  The s tudy  assumed h i g h  pres -  
s u r e  ambient temperature  oxygen/hydrogen s t o r a g e ,  bu t  a l s o  
eva lua ted  a cryogenic system which r e s u l t e d  i n  weight sav ings  
i n  t h e  o r d e r  of 750 to 1,000 l b s  and provided a d d i t i o n a l  
volume for ex e r imen ta t ion  a t  some c o s t  i n  development time 
and ( p o s s i b l y  P r e l i a b i l i t y .  

2.7 Mobile Command Module - MOCOM 

I n  s i m i l a r  fa.shion t o  t he  MOLEM, t h i r d  e n e r a t i o n  
v e r s i o n s  of t h e  CM have been s t u d i e d  (Reference 6 'i t o  f u r t h e r  
modify a CM s h e l t e r  to provide m o b i l i t y .  A t y p i c a l  conf igura-  
t i o n  i s  p resen ted  i n  Figure 6. E s s e n t i a l l y  the  CM i s  mounted 
on a four wheel  c h a s s i s .  For t h e  same m o b i l i t y  mission a s  
MOLEM, t h e  MOCOM weighs about 9,500 l b s .  Power i s  supp l i ed  
p r i m a r i l y  by f u e l  c e l l s  using c ry0  s t o r e d  r e a c t a n t s .  An RTG 
p rov ides  power needs f o r  qu iescent  s torage.  

3.0 NEW EQUIPMENT 

The new l o g i s t i c  supply and s h e l t e r  equipment are 
s t r i c t l y  conceptual  and as such are not l i m i t e d  i n  scope as  
w i t h  Apollo d e r i v a t i o n s .  Evalua t ions  of new equipment i n  terms 
of new l u n a r  she l t e r s ,  advanced l o g i s t i c  c a r r i e r s  and l u n a r  
m o b i l i t y  systems have been cont inuous ly  under s tudy  by N A S A .  
Therefore ,  t h e  systems w i l l  be d i scussed  i n  terms of g e n e r a l  
s t u d y  phi losophy and parametr ic  r e s u l t s .  

3.1 E a r l y  Lunar S h e l t e r  (ELS) 

t h e  r e s u l t s  of t h e  r e c e n t l y  completed E a r l y  Lunar S h e l t e r  
Study (ELS) by AiResearch, (Reference 7 ) .  The s tudy  was an  
e v a l u a t i o n  of conf igu ra t ions  s u i t a b l e  for use  w i t h  LM Truck 
c a p a b i l i t y  (10,300 l b s )  . The pr imary o b j e c t i v e  was t h e  e v a l u a t i o n  
and conceptual  des ign  of two-man l u n a r  she l te rs  f o r  comparison 
w i t h  competing concepts  such a s  t h e  LM She l t e r .  T h i s  was 
l a t e r  expanded t o  inc lude  eva lua t ion  of three-man she l te rs .  

New equipment s h e l t e r  c a p a b i l i t i e s  were based on 
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Stayt ime c a p a b i l i t i e s  were eva lua ted  i n  terms of crew s i z e ,  
and duty cyc le s  w i t h  and without E V A  a c t i v i t y .  Both two and 
t h r e e  man crews were considered, and t h e  E V A  duty c y c l e  con- 
s i s t e d  of 9 hours/da ; 6 hours (one man) on a Local S c i e n t i f i c  
Survey Module" (LSSMY and a non-concurrent 3 hour E V A  on foot 
i n  t h e  ELS v i c i n i t y .  Based on t h e  above, expendable consump- 
t i o n  r a t e s  were e s t a b l i s h e d  f o r  crew metabolism, environmental  
c o n t r o l  and l i f e  support  (EC/LSS) , e l e c t r i c a l  power supply (EPS) 
and f l u i d  s to rage .  It was concluded t h a t  a minimum des ign  

I t  

volume of 500 f t  3 was d e s i r a b l e  f o r  a two man, 14 day miss ion ,  

F i n a l  des igns  were based on a 750 f t  3 volume. Basic  s h e l t e r  
equipments included rechargeable  p o r t a b l e  1 i f e  support  systems 
(PLSS) ( 3  p e r  man), f u e l  c e l l s  f o r  EPS, cryogenic  s u p e r c r i t i c a l  
s t o r a g e  f o r  f u e l  c e l l  r e a c t a n t s  and l i f e  support  gases  and 
LiOH f o r  C02 removal. Figure 7 summarizes t h e  s tudy  r e s u l t s .  
Note t h e  s tayt ime c a p a b i l i t y  of 50 days f o r  two men. Figure 8 
p r e s e n t s  a t y p i c a l  schematic, and Figure 9 a weight breakdown 
of  t h e  ELS optimized f o r  a t h r e e  man crew. 

3.2 Local Sc ien t  i f  i c  Survey Module (LSSM) 

The LSSM i s  a small s i z e  veh ic l e  used t o  support  a 
l o c a l  manned survey. It i s  proposed f o r  d e l i v e r y  w i t h  a LM 
S h e l t e r .  The t y p i c a l ,  one-man conf igu ra t ion  shown i n  Figure 10 
weighs i n  t h e  o rde r  of 1,000 lb s ,  i s  b a t t e r y  powered and has  
a t o t a l  range c a p a b i l i t y  of 200 km p e r  mission,  an ope ra t ing  
range of 8 km, and a minimum speed c a p a b i l i t y  of 4 km pe r  hour .  
The crew s i t s  i n  an open cockpi t .  

3.3 Mobile Labora tor ies  - MOLAB 

The moderate capac i ty  mobile l a b o r a t o r y  (MOLAB) con- 
cep t  was s tud ied  i n  two NASA/MT c o n t r a c t s  (References 8 and 9) 
t o  determine conf igu ra t ions  and c a p a b i l i t i e s  of v e h i c l e s  i n  
t h e  6,500 t o  8,500 l b  c l a s s .  Designed f o r  d e l i v e r y  by the  LM 
Truck, MOLAB was t o  be capable of surv iv ing  s i x  months qu ie s -  
c e n t  s to rage  on t h e  l u n a r  sur face ,  and then  be a c t i v a t e d  t o  
support  a two man 14 day mission w i t h  a 7 day s tay t ime con t in -  
gency i n  a s t a t i o n a r y  mode. Figure 11 p r e s e n t s  a t y p i c a l  
conf igu ra t ion  c o n s i s t i n g  of a f o u r  wheel v e h i c l e  having an 
i n t e r n a l  p re s su r i zed  volume of 452 f t  3 p l u s  an a d d i t i o n a l  

122 f t  3 a i r l o c k .  The MOLAB would take  advantage of any sub- 
system improvements evaluated i n  the  ELS s t u d i e s  such a s  
cryogenic  gas s t o r a g e  systems.  I n  essence ,  a MOLAB r e l a t e s  
t o  an ELS a s  t h e  MOLEM t o  t h e  LM s h e l t e r .  Stayt ime o r  expe r i -  
mental  payload i s  t raded  f o r  mob i l i t y .  



BELLCOMM, I N C .  - 6 -  

Although t h e  MOLAB was s i z e d  f o r  a two man, 14 day 
mission,  t h e  concept can be s c a l e d  from t h e  paramet r ic  d a t a  
of Reference 6 t o  e s t a b l i s h  t r a d e o f f s  of crew s i z e  and s t a y -  
t i m e  i n  terms of weight  and subsystem requi rements .  F igu re  1 2  
i s  a t y p i c a l  data shee t  f o r  a th ree  man, 21 day, 488 nm t r a v e r s e  
which r e q u i r e s  a MOLAB weighing 8,400 l b s .  

3.4 Lunar L o g i s t i c  Vehicle (LLV) 

I n  t h e  past ,  many v e r s i o n s  of new LLV's u s ing  seve ra l  
p o s s i b l e  candida te  p r o p e l l a n t s  have been s t u d i e d .  Fo r  t he  t i m e  
span of t h i s  s tudy ,  i t  was decided t o  l i m i t  t he  cand ida te s  t o  
t h o s e  be ing  used i n  a c t i v e  NASA programs; t h a t  i s ,  ear th  s t o r -  

types.  The choice between t h e  two r evo lves  about a t r a d e o f f  
between 33$ b e t t e r  Isp performance, poorer  l e n g t h  t o  d i ame te r  
c o n f i g u r a t i o n s ,  and more ex tens ive  ground support  requirements  
of L02/LH2 compared t o  N204/Aerozene 50. 
ance i n c r e a s e  does provide s i g n i f i c a n t l y  l a r g e r  payload capa- 
b i l i t i e s ,  and accord ingly ,  t h e  cryogenic  combination was 
chosen for t h e  new L T ; V ' S . ~  
one stage c o n f i g u r a t i o n s ,  two stage v e r s i o n s  a r e  also of i n t e r -  
e s t .  A t y p i c a l  two s t a g e  LLV c o n s i s t s  of a braking  stage (LI)  
and a l and ing  s t a g e  ( L I I ) .  The  advantages of s t a g i n g  are  
(1) payload improvement, ( 2 )  t h e  landed v e h i c l e  has  a lower 
cen te r -o f  - g r a v i t y  ( reducing p o s s i b l e  cargo  unloading problems 
and l and ing  g e a r  requi rements ) ,  and (3) t h e  brak ing  s t a g e  ( L I )  
can be a g e n e r a l  use propuls ion  s t a g e  f o r  i n t e g r a t i o n  i n t o  
ear th  o r b i t a l  o r  p l a n e t a r y  programs ( M u l t  i-Mission Module Con- 
c e p t ) .  
a r e  shown i n F i g u r e s 1 3  and 14 as  obta ined  from Reference 1 0 ) .  

4 .O CONCLUDING REMARKS 

ables  of t h e  N204/Aerozene 50 and cryogens of t h e  L02/m2 3 

However, t h e  perform- 

I n  a d d i t i o n  t o  t h e  convent iona l  

Typica l  conf igu ra t ions  of single and two stage LLV's  

The c a p a b i l l t i e s  of t h e  mission equipment and con- 
c e p t s  d i s t r i b u t e d  i n  t h i s  memo were used a s  source  m a t e r i a l  
f o r  Task Order 30 s tudy  e f f o r t  dur ing  t h e  f i rs t  h a l f  of 1966. 

31f an  a c c e l e r a t i o n  of f l u o r i n e  technology s t a t e - o f  - t h e -  
a r t  r e s u l t s  i n  a more genera l  l e v e l  of acceptance of LF2 f o r  
u se  i n  NASA programs, and i f  o t h e r  concomitant programs make 
LF2/LH2 engines  a v a i l a b l e  (RL10 AF ser ies )  t h e  s u b s t i t u t i o n  of 
a LF2 stage f o r  a LO2 s tage  should be cons idered .  The stage 
would have a small I improvement but  a cons iderably  b e t t e r  
l e n g t h  t o  d iameter  r a t i o  and s t r u c t u r a l  mass f r a c t i o n .  

SP 
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For f u t u r e  use,  t h e  da t a  should be reviewed and r e v i s e d  a s  
warranted.  It i s  suggested t h a t  t h e  au tho r s  be contac ted  
f o r  a d d i t i o n a l  information o r  f o r  more recent  s tudy  r e s u l t s .  
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FIGURE 1 - LM SHELTER CONFIGURATION 



FIGURE 2 - LM TRUCK CONCEPT 
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FIGURE 5 - MINIMUM - CHANGE MOLEM 
CONFIGURATION (GRUMMAN) 



Launch Configuration 

Forward 
I 

Hatch 

Airlock 

f -  
3.36M 

I 

5 Band Dish Antenna I 

Liquid Hydrogen 

-1 1- .305 M 

System External Layout 

FIGURE 6 - MOCOM CONCEPT 
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System External Layout 

FIGURE 11 - TYPICAL MOLAB CONFIGURATION (BEND=) 
4 WHEEL DRIVE TYPE. 



Date 
May 66 

MANNED ROVING VEHICLE CABIN - THREE M A N  Rev. 

LAUNCH CONFl GURATION 

Crew Size 
Staytime (Nominal), Days 
Range (Nominal), km ' 

Speed (Average), kph 
Experiment Power (Nominal), kw-hr 
Scientific Payload (Max.), kg 
System Mass ,  kg (not incl. payload) 

(Dimensions in Meters) 

3 
21 

900 
10 

112 
32 0 

3,810 

LOR DOCKING STRUCTURE 
/- 

Item 
Nonexpendables 

Structure 

Mobility 
Life Support 
Astrionics 

Power Supply 

Total Nonexpendablrs 
Expendables (Usable & Unusable) 

H2 Capacity (Max.) 
0, Capacity (Max.) 

Power 
Metabolic (Incl. cabin loss) 

Others (food, LiOH, etc.) 
Total Expendables (Max.) 

Syetem Maor 

I- 4 I - - 4 - 6 4  

Mass 

636 
220 

1.483 
324 
32 0 - 

2.985 

88 

347 
216 
174 

82 5 
3,810 

MASS SUMMARY 

- 

FIGURE 12 - TYPICAL 'PARAMETRIC DATA SHEET 
FOR A 3-MAN - 21 DAY MOLAB 
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